phylogenetic analysis, DNA-DNA hybridization, fatty acid analysis, peptidoglycan analysis and comparison of a range of physiological and biochemical characteristics. The genotypic and phenotypic data show that strains 5L6
T and 6L6 represent a novel species of the genus Bacillus, for which the name Bacillus ciccensis sp. nov. is proposed. The type strain is 5L6 T (=KCTC 33663 T =CICC 23855 T =DSM 104513 T ).
The genus Bacillus was first described by Cohn [1] . At the time of writing, there are 342 species and 7 subspecies in the genus Bacillus listed on LPSN (Prokaryotic Names with Standing in Nomenclature: www.bacterio.net) and the type species is Bacillus subtilis [1] . Most of these Bacillus strains are Gram-stain-positive, rod-shaped, endospore-forming aerobes or facultative anaerobes that test positive for catalase [2] . Recently, many Bacillus species have been isolated from exotic environments such as volcanic soil [3] , solar saltern [4] and a spacecraft assembly clean room [5] . There has been an increasing number of reports on the beneficial effects of Bacillus in agriculture. Some Bacillus strains colonizing the inside of roots induce ultrastructural modification of the pea root, thus protecting the plant from pathogens [6] . An endophytic Bacillus subtilis strain reduces accumulation of mycotoxin in maize by outcompeting Fusarium moniliforme [7] . Bacillus velezensis strains protect rice from pathogens and promote growth of the plant [8] .
Bacillus amyloliquefaciens endows chickpeas with resistance against drought [9] .
During the characterization of endophytic bacteria in hybrid maize (Zea mays L., Jingke 968), two strains, 5L6 T and 6L6, were isolated from maize seeds collected from the scientific research base of the Beijing Academy of Agriculture and Forestry Sciences (BAAFS) in Zhangye City, Gansu Province (39 04¢ 57.94 † N, 100 12¢ 49.40 † E, northwestern China) in September 2014. According to polyphasic taxonomic data, the new isolates are affiliated to the genus Bacillus as a new species, for which the name Bacillus ciccensis sp. nov. is proposed.
The hybrid maize seed suspension (about 100 g) was prepared according to the procedure described by Qiu et al. [10] . Strains 5L6
T and 6L6 were isolated on LB agar (Luqiao, China) which had been inoculated with a suspension of maize seeds and incubated at 30 C for 48 h. The new isolates were maintained on TSA at 4 C. Gram staining was performed as described by Gerhardt et al. [11] . Cell morphology with endospores and flagella were examined by transmission and scanning electron microscopy according to Vaishampayan et al. and Liu et al., respectively [5, 12] . To determine optimal conditions for strains 5L6
T and 6L6, cultures were grown in tryptic soy broth (TSB) at 4, 10, 15, 20, 25, 30, 37, 42, 45 and 56 C and pH 3-13 (at 1-unit intervals). NaCl tolerance was determined using TSB supplemented with 0-15 % (w/v) NaCl at 1 % intervals for 72 h at 30 C. Growth on TSA medium under anaerobic conditions was evaluated in an anaerobic chamber filled with a mixture of gases (N 2 : H 2 : CO 2 at 90 : 5 : 5) for 1 week [13] . Oxidase and catalase activities were determined according to Liu et al. [12] . The Voges-Proskauer test was assayed in methyl red at 30 C for 48 h. Hydrolysis of aesculin, gelatin, casein, starch, Tween 20 and Tween 80 was assessed using the methods of Smibert and Krieg [14] . Assimilation and acid production from carbohydrates and enzyme activities were tested using API 20E, API 20NE and API 50CH kits (bio-M erieux) according to the manufacturer's instructions, and these tests were performed three times.
Preparation of genomic DNA was carried out according to the method of Marmur [15] . The G+C content of the DNA was determined using the HPLC method [16] . The 16S rRNA gene was PCR-amplified using the universal primers 27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-GGTTACCTTGTTACGACTT-3¢) [17] . The amplified products were purified and cloned into vector Top10 (Tiangen, China) for sequence determination carried out using an automated DNA sequencer (model ABI 3730; Applied Biosystems). The sequencing primers were SP6 (5¢-ATT-TAGGTGACACTATAGAATAC-3¢) and T7 (5¢-TAATAC-GACTCACTATAGGG-3¢). The 16S rRNA gene sequences of the two novel bacterial strains and those of other Bacillus species retrieved from GenBank were aligned using the program CLUSTAL_X v1.8 [18] . The phylogenetic tree was made based on the neighbour-joining (NJ) method [19] , using the Kimura two-parameter model [20] with the pairwise deletion option for gaps. For the maximum-likelihood (ML) tree [21] , the Kimura two-parameter method was used with the gamma distributed with invariant sites model, which showed the lowest Bayesian information criterion. Subtreepruning-regrafting was chosen for the tree inference options for ML as well as for constructing the tree by the maximum-parsimony (MP) method [22, 23] . All phylogenetic analyses were performed using MEGA 7 [24] . The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches [25] .
For a comparison of cellular fatty acids, cells of the two novel bacterial strains and the type strains of Bacillus species grown on TSA with the same physiological age were used.
Fatty acid methyl esters were extracted, separated and identified according to the instructions for the Microbial Identification System (MIDI; Microbial ID).
Peptidoglycan was isolated according to Protocol 7 and its amino acids were analysed after hydrolysis (4 N HCl, 100 C, 16 h) and derivatization to N-heptafluorobutyryl isobutylesters by gas chromatography/mass spectrometry according to Protocol 10 and enantiomeric analysis according to Protocol 11 of Schumann [26] . To extract isoprenoid quinones, freeze-dried cells (100 mg) were vigorously mixed with chloroform/methanol (2 : 1, v/v) overnight. Quinone compounds were purified by thin layer chromatography as described previously [27] . The quinone profile was analysed using an HPLC (LC20AD system; Shimadzu) equipped with a reversed-phase ODS-2 C18 column (150Â4.6 mm; Phenomenex) and a UV detector (270 nm). Polar lipids were extracted, separated using two-dimensional TLC and identified according to published procedures [28] .
Cells of 5L6
T and 6L6 were Gram-positive, rod-shaped and motile bacteria (Fig. S1 , available in the online Supplementary Material), which were able to grow at 4-45 C, at pH 6-11 and in 0-9 % (w/v) NaCl on TSB. Optimal growth was observed at 30 C, at pH 7.0 and in 0 % (w/v) NaCl. The organisms were not able to grow on TSB under anaerobic conditions. Cells grown on TSB for 7 days produced sporangia with ellipsoidal endospores which were located at the subterminal region of cells. Some endospores were swollen ( Fig. S1 ) [29] .
The DNA G+C contents of strains 5L6
T and 6L6 were 37.4 and 37.6 mol%, respectively, which lie within the range of values reported for members of the genus Bacillus ( Table 1) . The 16S rRNA gene sequence of strain 5L6
T was a continuous stretch of 1512 bp. A comparative 16S rRNA gene sequence (over 1500 bp) similarity analysis revealed that the similarities between strains 5L6 T and 6L6 were 99.9 %, and the strain 5L6
T was most closely related to Bacillus solani FJAT-18043 T , Bacillus horneckiae DSM 23495 T , Bacillus eiseniae A1-2 T , Bacillus kochii WCC 4582 T and Bacillus purgationiresistens DS22
T with similarities of 99.8, 97.7, 97.4, 97.1 and 97.0 %, respectively. The phylogenetic tree constructed using the NJ (Fig. 1 The fatty acid profiles of the nine strains are shown in Table S1 . The major fatty acids of strain 5L6 T were iso-C 15 : 0 (33.0 %), anteiso-C 15 : 0 (22.5 %), iso-C 16 : 0 (7.1 %), iso-C 14 : 0 (6.4 %), anteiso-C 17 : 0 (5.0 %) and C 16 : 1 !7c alcohol (5.2 %), similar to the type strains compared in this study, NaCl (%) 0-9 0-9 0-10* 0-10 0-13 0-13 0-12
Activities of
Hydrolysis of:
Assimilation of: but there were differences in the proportions of some fatty acids. The peptidoglycan of strain 5L6 T did not contain diaminopimelic acid as Bacillus solani FJAT-18043 T [32] did, but the other close phylogenetic neighbours of strain 5L6 T display meso-2,6-diaminopimelic acid (meso-Dpm) as a diagnostic diamino acid of the peptidoglycan (e.g. B. horneckiae [5] , B. eiseniae [33] and B. kochii [34] ) but no data are available for B. acidicola and B. dabaoshanensis. Therefore the absence of Dpm isomers in the whole-cell hydrolysate (Protocol 1; [26] ) of strain 5L6
T was a distinguishing charactertisc. In order to re-examine this result, the peptidoglycan of strain 5L6
T was isolated and the amino acid composition of its hydrolysate was determined by gas chromatography/mass spectrometry. The peptidoglycan contained the following amino acids: alanine, serine, aspartic acid, ornithine and glutamic acid and muramic acid in the molar ratio of 1.2 : 1.2 : 0.9 : 1.0 : 1.0 : 1.9. The identity of the amino acid derivatives was proven by agreement of the gas chromatographic retention times with those of authentic standards (Fig. S3) and by characteristic mass spectrometric fragment-ions [26] . Dpm isomers could not be detected, either by a gas chromatographic peak (Fig. S3) or by extracted ion chromatograms using the characteristic fragment ion set 380, 324, 306 and 378 m z À1 ( [35] ; data not shown). An enantiomeric analysis (protocol 11; [26] ) of the hydrolysate of the purified peptidoglycan (6 N HCl, 120 C, 16 h) resulted in the following molar ratio: 0. 
Orn -L-Ser were detected by 2D-TLC of the partial hydrolysate of the peptidoglycan (4 N HCl, 0.75 h at 100 C). Accordingly the amino acid composition of the peptidoglycan of strain 5L6
T corresponds to the peptidoglycan type A4b L-Orn -L-Ser -D-Asp (A21.7, www.peptidoglycantypes.info). The peptidoglycan structure of strain 5L6
T is very similar to that of Bacillus solani FJAT-18043 T [32] , but discrepancies in the peptidoglycan structures of the other Fig. 1 . Phylogenetic tree showing the relationships of the novel strains to closer species within the genus Bacillus. The tree was based on an alignment of 16S rRNA gene sequences and constructed using the neighbour-joining method described by Saitou and Nei [19] . The numbers at the nodes indicate the percentages of bootstrap support based on 1000 resampled datasets; only values greater than 50 % are presented. The scale bar indicates 0.01 substitutions per nucleotide position.
related members of the genus Bacillus have been already observed. The occurrence of the peptidoglycan type A4b based on L-Orn was also reported for Bacillus cohnii [36] and Bacillus indicus [37] . Bacillus zhanjiangensis is phylogenetically related to the ornithine-containing Bacillus cohnii (98 % 16S rRNA sequence similarity) but displays mesoDpm as a diagnostic diamino acid [38] . Bacillus cibi, which is a synonym of B. indicus, contains meso-Dpm [39] . Unfortunately, there is no information on the peptidoglycan structures of other close relative of Bacillus cohnii.
The main polar lipids in strain 5L6
T were diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine (Table 1, Fig. S4 ). The menaquinone profile, with MK-7 as the major component, is in agreement with the description of the genus Bacillus (Table 1 ).
In view of the combination of morphological, physiological, chemotaxonomic and phylogenetic data discussed here, it is evident that strains 5L6
T and 6L6 belong to the genus Bacillus. Differences in some phenotypic characteristics and their phylogenetic distinctiveness distinguish the two strains from previously described Bacillus species. On the basis of the data described above, the two strains represent a novel species of the genus Bacillus, for which the name Bacillus ciccensis sp. nov. is proposed. Strain 5L6 T (=KCTC 33663 T =CICC 23855 T ) is the type strain.
DESCRIPTION OF BACILLUS CICCENSIS SP. NOV.
Bacillus ciccensis (cic.cen¢sis. N.L. masc. adj. ciccensis, pertaining to the arbitrary name formed from the acronym of the China Centre of Industrial Culture Collection, CICC, where taxonomic studies on this species were performed).
Cells are Gram positive, aerobic, motile, peritrichous flagella, endospore-forming and rod-shaped (3.0-4.0 µmÂ0.6-0.8 µm). Colonies on the TSA plate are creamy, circular and slightly raised with irregular edges. Growth occurs at 4-45 C (optimum 30 C) and at pH 6.0-11.0 (optimum pH 7.0). Cells grow in 0-9.0 % (w/v) NaCl (optimum 0 %) in TSB, but are unable to grow on TSB under anaerobic conditions. Cells are positive for activities of catalase, galactosidase, gelatinase, nitrate reduction and hydrolysis of aesculin and gelatin. As a sole carbon and energy source, they utilize N-acetylglucosamine, aesculin, cellobiose, D-glucose, glycerol, maltose, salicin and sucrose. They produce acid from N-acetylglucosamine, aesculin, cellobiose, glycerol, D-glucose, inositol, maltose, mannitol, D-ribose, salicin, D-sorbitol and sucrose; but are negative for growth under anaerobic conditions and the Voges-Proskauer reaction; hydrolysis of casein, ONPG, starch, Tween 20 and Tween 80; activities of oxidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, H 2 S production, urease, tryptophan deaminase and indole production; acid production from D- The type strain 5L6 T (=KCTC 33663 T =CICC 23855 T ) was isolated from seeds of hybrid maize (Zea mays L., Jingke 968) sampled from the scientific research base of the Beijing Academy of Agriculture and Forestry Sciences (BAAFS) in Gansu Province, China. The DNA G+C content of the type strain is 37.4 mol%. Strain 6L6 is an additional strain of the species, isolated from the same source.
